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Environmental stewardship must become a primary concern if management is to 
adequately fulfill its societal responsibilities.  Management and accounting information 
systems must aggressively respond to these emerging requirements in order to support 
adequately the associated information needs as well as to design organizational systems 
that motivate and facilitate desired behavior.  Our purpose here is to consider a 
framework useful for developing environmentally enlightening management and 
accounting information systems that take into account alternative environmental 
perspectives.  The framework can be used to develop prototypes representing different 
levels of environmental enlightenment and, as such, can provide general guidance for 
moving collectives and organizations toward a more environmentally responsible posture.  
The framework is illustrated using an example from the salmon farming industry 
provided in Georgakopoulos and Thomson (2004).    
 
 
(keywords:  enabling accounting, environmental responsibility, environmental strategy, 
sustainability) 





 Because of the devastating effect of unbridled industrial growth and development 
throughout the world, environmental issues are becoming significant societal risk factors.  In the 
wake of countless disasters and the progressive degradation of the earth’s ecosystems, society is 
beginning to demand a modicum of environmentally responsible behavior on the part of business 
management.  Traditionally, the primary source for motivating environmentally responsible 
behavior has been through regulation based on government mandate.  Recently, there at least 
appears to be a growing willingness of some, albeit small, groups of consumers to demand that 
companies refrain from egregious and wantonly irresponsible and exploitative behavior.  As a 
result, the environmentally related issues with which a work organization is held accountable has 
expanded beyond those associated with the failure to comply with regulation to include missed 
market opportunities from not accurately anticipating consumer demand, failure to live up to 
societal expectations with respect to environmental stewardship, and, in some cases, the 
destruction of sustaining resources.   
While all members of society have a moral responsibility to act in the public interest, 
organizational management is specifically granted fiduciary responsibility over society’s 
economic resources, which consist of natural resources, financial assets, human assets, and 
technology.  The accounting profession facilitates and monitors organizational management’s 
fiduciary responsibility and in this role is concerned with the integrity, responsibility, and 




implement, and utilize them.  The academic accounting community has a responsibility to 
facilitate, and actively engage in, a dialogue among all affected stakeholders regarding how 
accounting (the profession, the professionals, the systems) and organizational management can 
fulfill their responsibilities.  In the following discussion, we address specifically management’s, 
and therefore accounting’s, responsibility with respect to environmental resources.  Our long 
term goal is to initiate inclusive and enlightened dialogue directed toward articulating and 
communicating what constitutes reasonable and responsible environmental stewardship as a 
basis for bringing about change.  Here, we outline and apply a framework useful for articulating 
action space parameters that frame management decisions and, therefore, for developing 
environmentally enlightened management and accounting information systems. 
We situate this project as part of the enabling accounting project (Broadbent, et al., 
1997),1 which is concerned with how accounting can be mobilized to advance the wellbeing of 
the earth and those critters that inhabit it.  We wish to operationalize accounting as a force for 
social change through its potential for making actions and outcomes visible and comprehensible.  
As such, accounting can help stimulate dialogue and action directed toward change (Gallhofer 
and Haslam, 1997) as well as provide the mechanisms that engender responsibility and 
accountability.  We envision accounting as having the potential as a positive force facilitating the 
development of viable and emancipatory ways for bringing about democratic social progress.  
Specifically, following a somewhat pragmatic, yet critical path (Bebbington, 1997), here we are 
about (re)making accounting information systems environmentally enabling by rendering visible 
and understandable the context of organizational decisions and implications of these resulting 
                                                 




actions on natural systems.  This discussion fits within a genre of work that is beginning to 
critically address environmental accounting.2   
 As environmental awareness grew in the 1960s and 1970s, legislative initiatives began to 
gesture toward supplementing market solutions to ecological degradation.  As a result, pollution 
emissions exceeding the regulatory limits represented the primary environmental considerations 
for business organizations.  The regulatory reporting requirements associated with monitoring 
production processes specified information requirements.  Selecting pollution control devices 
represented management’s primary environmental concern.  As best, accounting’s function was 
generally associated with developing acquisition costs comparisons and projecting the effects on 
operating costs.   
As the environmental implications of industrialization became more apparent, the scope 
and possibilities of environmentally related decisions expanded, as did the associated 
information requirements.  As external stakeholders became more enlightened and involved, 
decision makers faced formidable environmental issues beyond those typically related to 
operations.  For example, even though production processes were within the allowable regulatory 
limits, certain products and/or processes offended the sensibilities of environmental activists and 
their sponsors.  As a result, companies were forced to consider these factors.  An illustrative 
example occurred in the tuna industry in the late 1980s.  While harvesting tuna using nets lethal 
to ensnared dolphins was not illegal, the impact of activists and consumers motivated three major 
name brand US tuna canning companies to switch to “dolphin-safe” harvesting methods even 
though this change increased the company’s operating costs.  In other words, management has 
been forced to consider issues and constituencies outside the traditional value chain, and as a 
                                                 




consequence the associated accounting information systems must capture and report an expanded 
information set in order to motivate and enable responsible action. 
 Management’s environmental strategy must be made visible and comprehensible, and the 
implications of management’s decisions must be specified.  Further, formal corporate 
information systems must incorporate environmentally relevant information forcing management 
to consider the environmental impact of their operations and actions inclusive of, but also 
moving beyond, the economic implications.  Such an environmentally enlightened perspective 
(Orr, 1994, Shuman, 2000) incorporates issues beyond, and sometimes in opposition with, 
maximizing shareholder value.  Organizational management must recognize its societal 
responsibility as the operators of the primary natural resource transforming vehicle within the 
current social order and, as such, fulfill its stewardship responsibility with respect to natural 
systems.  As such, management must formulate and implement environmentally impregnated 
strategies and information systems that enable and sustain such strategies.  The following 
discussion represents an initial phase of an ongoing, iterative process specifying the strategic 
processes and fully articulating the information needs.  Specifically, we consider three general 
levels of environmental sensitivity3 and discuss the information requirements along an 
environmental activity space ranging from a narrow focus on operations to an inclusive focus 
encompassing all relevant stakeholders. 
There has been a limited, but expanding, concern with environmental reporting in the 
accounting literature.  The more traditional work has focused primarily on the efficacy of 
socially responsible investing with environmental considerations only one of many factors (Gray, 
2002).  Stone (2001) has constructed a taxonomy of corporate social performance concepts 
useful in situating the various components and cites the work of Kinder, et al. (1993), Hamilton, 
                                                 




et al. (1993), Diltz (1995), Guerard (1997), Belkaoui (1976), Abbot and Monsen (1979), 
Anderson and Frankie (1980), Ingram and Frazier (1983), Cowen, et al. (1987), Coffey and 
Fryxell (1991), Griffin and Mahon (1997) as relevant to the development of social and 
environmental accounting.4  Gray and Bebbington (2001) lay out in detail the issues relating to 
environmental accounting.  As noted above, we take a somewhat pragmatic, critical path in an 
attempt to ultimately influence the revision, or reformulation, of management and accounting 
information systems in order to make the environmental implications of corporate actions 
transparent and comprehensible.  The current discussion follows from, and is informed by, the 
alternative/critical accounting literature (see Gray, 2002 for a review) that includes Bebbington 
(1997), Bebbington, et al. (1999), Gray (1992), Gray, et al. (1994), Gray and Milne (2004), 
Everett (2004), Everett and Neu (2000), Lehman (1995, 1996, 1999, 2001, 2003), Power (1991, 
1994), and Tinker, et al. (1991). 
 The ultimate objective of our research program is to develop an enabling accounting that 
representationally connects the organizations and the decision makers therein in a systematic 
way with the natural systems upon which they depend and upon which they act and as such to 
render the environmental implications visible and comprehensible.5  Here, we consider the 
composition of the environmental action space, which is presumed to be the intersection of the 
environmental activity space and what we refer to as the organization’s logic of representation.  
The logic of representation refers to the organization’s strategic orientation with respect to 
natural systems.  We consider possible symbolic relationships associated with enlightened 
environmental management and the associated information requirements.   
                                                 
4 Accounting studies addressing social performance measures and reporting standards include Rockness and Williams (1988), 
Davenport (2000), Clarkson (1995), Epstein, et al. (1976), Linitch, et al. (1989), Gamble, et al. (1995).  Descriptive studies 
include Mathews (1993), Burke (1980), Ingram (1978), Tennyson, et al. (1990), Pava and Krausz (1995), Ingram and Frazier 
(1980); Wiseman (1982), Rockness and Williams (1988).  The following studies consider the extent of environmental disclosure 
(Linitch et al., 1998; Li et al., 1997). 




First, we consider the theoretical connection between natural systems and social systems, 
indicating how social systems have come to dominate and exploit the natural systems.  This 
discussion provides a general theoretical base for framing the interface with, and the interactions 
between, natural systems, socially constructed abstractions, and organizational action.  The 
principle differences between social systems and natural systems ultimately arise from the 
human being’s facility for purposeful action facilitated by the capacity for symbolic 
representation and manipulation.  These symbolic representations can be objectified and 
concretized as technology, expertise, and hierarchical control (Bauman, 1987, Adams and 
Balfour, 1998) in the process of transforming natural resources into useful goods and services.  
Management and accounting information systems are a particular kind of symbolic 
representation embodying expertise, facilitating hierarchical controls, and manifested as 
administrative technology that informs the purposeful action of organizations in the 
transformation process.  These systems can foster sustaining processes, exploitative process, or 
some combination of both. 
We briefly outline and then apply an environmental information matrix developed by 
Brown, et al., (2004a) in discussing the implications for developing enlightened management and 
accounting information systems.  In describing the framework, we discuss alternative strategic 
perspectives as they relate to the time-space expansions of the various decision horizons.  The 
resulting circumscriptions are useful in developing prototypes that represent different levels of 
environmental enlightenment, and as such, can provide general guidance for moving 
organizations toward a more enlightened posture.  Here we focus primarily on the action space 
associated with an environmentally enlightened management perspective.  Applying the 




farmers in deciding whether to switch from traditional to organic farming methods.  Final 
remarks bring the discussion to a close. 
LOGIC OF ENVIRONMENTAL REPRESENTATION 
 
We need some general conceptualization of the relationship between social systems and 
the natural system as a basis for enhancing the visibility and comprehensibility of organizational 
actions with respect to their environmental implications.  Here, we consider the theoretical 
relationship between natural systems and social systems as articulated in the recent ecology 
literature (Hollings and Gunderson, 2002).  According to this perspective, social systems (i.e., 
humans and their intentionality) have come to dominate and exploit natural systems.  However, 
we propose that capabilities facilitating the current exploitive attitude can be refocused and 
employed to sustain and restore the natural system.  Environmentally enlightened accounting and 
reporting plays a central role in this refocusing and redeployment as it frames and reframes 
organizational action space. 
Comparing the natural system with social systems, Westley et al. (2002) note that social 
scientists and ecologists tend to have different orientations toward natural systems as they relate 
to social systems.  The ecologists see systems of human beings and nature as ecosystems (i.e., 
people + nature = ecosystems) while the social scientists conceive of systems of human beings 
and nature as social systems (i.e., people + nature = social systems).  The ecologists argue that 
both culture and nature fall on an inclusive continuum of natural processes.  The social scientists 
conceive of nature as a component in the political discourse of human processes and as such it 
warrants no special consideration.  In fact, to be recognized within the social system, the factor 
must be changed to a form compatible with the language of the social system.  Only as the 




economic calculus.  We hold that while the natural system and social systems are separate they 
are inextricably interrelated and that the symbiotic relationships between the elements of these 
two self organizing systems must be acknowledged and represented in the information systems 
of business organizations to facilitate responsible decision making on the part of organizational 
management.  We refer to these systemic relationships as ecosystems in an attempt to motivate 
thinking beyond the current, homocentric perspective. 
 The question arises as to the dimensions of organization and behavior along 
which the representations should be constructed.  For ecosystems, temporal and spatial 
dimensions represent the fundamental constructs that have been used by ecologists to explain the 
self organizing dynamics of ecosystems (Levin, 1992).  Holling and Gunderson (2002) argue that 
when studied over time and space, the reproductive/adaptive cycle of ecosystems can be 
represented through the dynamic interaction of the potential (stored up energy) contained in the 
system, the degree to which the elements in the system are connected, and the system’s resilience 
to change.6   The capability for acting purposefully is dependent upon the ability to accommodate 
higher levels of system complexity.  Higher levels of systems complexity requires higher levels 
of abstract representation, which in turn enhances the social system’s flexibility.  Natural 
systems do not possess the capability of symbolic representation and, therefore, of abstraction, 
reflexivity, projection, or technology.  As a result, these systems cannot act knowledgeably and 
with intentionality.    
 While the reproduction of social systems includes similar parameters, the 
distinguishing feature between the two systems is human beings’ facility for symbolic 
                                                 
6 Holling and Gunderson (2002) propose a three dimensional model of the adaptive cycle of ecosystems within which they argue 
social systems can be incorporated.  A full discussion of this model is tangential to this discussion.  The interested reader is 





representation and manipulation.  Social systems are the product of symbolic representation and 
manipulation in time and space.  Language represents the prototypical example of this symbolic 
capacity and how rules, relationships, values, and resources can be directed across time and 
space.  Following from this capacity, the result of the actions and interactions of the participating 
agents construct complex social systems (e.g., Searle, 1995).  These social systems constitute, 
and are constituted by, the ability to: communicate, in the broadest sense; administer rewards and 
sanctions based on the shared norms and values; and accomplish goals through control over both 
physical and human resources.  Further, unlike natural systems, social systems must be produced 
and reproduced through the purposeful, reflexive actions of the populating agents.7  As such, 
purposeful actions of the agents constitute and can change social systems.    
Westley, et al. (2002) discuss four characteristics or capabilities that follow from human 
being’s symbolic facility:  abstraction, reflexivity, projectional models, and technological 
manifestations.  Symbolic representation allows humans to attribute meaning and assign value to 
activities and anticipated activities and to abstractly represent social and physical worlds.  That 
is, these systems and their components can be represented in a simplified, symbolic way that 
allows for the “experiences” to be removed from the “site,” reflected upon, manipulated, and 
saved.  This provides for the construction of hierarchies of abstraction and, therefore, learning 
and extrapolation.  Abstraction allows the agent to give meaning to, to re-construct, the local 
context.  Thus, the action space within which the agent operates is constructed through the 
application of the particularly configured symbolic hierarchies.  Unless these abstractions can be 
connected to, and/or grounded in, the natural systems along relevant dimensions, the controlling 
representations may take a dangerously narrow or distorted view of the implications.  For 
example, economic systems are a construct of social systems.  If economic abstractions dominate 
                                                 




and are not connected to natural systems, the decision making criteria do not reflect the potential 
ecosystem implications.  If organizational representations are framed only by the symbolic 
hierarchies of the economic system, then the actions taken based thereon will not consider their 
implications for the natural system. 
Reflexivity refers to the agent’s ability to monitor with purposeful intent action over time 
and space.  Symbolic representation permits the manipulation of symbols (meaning) such that 
outcomes are evaluated relative to values, goals, and norms that may be contained within, and 
represented by, the symbolic hierarchies.  Future actions are preceded by, and predicated on, 
ongoing evaluation and as such evaluations and actions influence the reproduction of the social 
systems within which the flow of actions take place over time and space. 
Representation and monitoring over time (learning) result in a clustering of symbols 
coalescing into classifications (knowledge structures) such that these representations can be 
employed in anticipating future actions and their implications (the action space).  It is as though 
the values of the “variables” within a representational cluster can be changed in responding to a 
series of “what if” questions that project the effects of anticipated future actions as well as 
provide criteria for reflexively analyzing and evaluating the subsequent outcomes.  Forward 
projections coupled with the reflexive monitoring of actions using the representational clusters 
allows for the development of a logic of representation for both the social and natural worlds and 
their interrelationships.  This logic (symbolic representations and the rules for their 
manipulation) provides the space for action.  These are the organizing principles for social 
integration and therefore action.8  For example, the formal and informal environmental strategies 
                                                 
8 Logic of representation is analogous to the application of schema, frames, or metaphor (Schank and Ableson, 1977; Lakoff and 
Johnson, 1998) in that it provides, at least partially, a generally-specified and “standardized” context for confronting a certain 
class of problems or circumstances. This logic is enabling in that it provides general characteristics and structure and constraining 




that comprise the space within which managers consider, and act on, environmental issues 
constitute the logic of representation for addressing environmental issues within a particular 
organization at a particular time.  This logic is both constraining and enabling, inclusive and 
exclusive. 
Westley, et al. (2002) argue that one material consequence of human beings’ symbolic 
capabilities is the ability to externalize this culminating logic or perceived understanding by 
embodying the logic in technology.  The result is a material objectification of the abstract 
representation.9  Problems arise as the technology becomes objectified without proper reflexive 
self-regulation capabilities.  More specifically, the logic of representation does not recognize or 
meaningfully connect to the natural system.  Thus, the technological applications are “single 
variable interventions” (117), do not contain mechanisms for systematic self-monitoring and 
regulation, and do not balance competing objectives.  As a result, the technological application 
becomes unidirectional and exploitative of the natural system.  Depending upon the nature of the 
system and the duration and severity of the exploitation, the applications of the technology can 
result in the ultimate collapse of the natural system and, thus, the entire ecosystem. 
We see the consequences of single variable interventions in such examples as holes in the 
ozone layer, global warming, and the use of DDT as a pesticide.  The representations of the 
social system, by focusing on the objects of the technology (refrigerant capabilities of CFCs, 
consumable energy from fossil fuels, and greater monoculture crop yields, respectively) failed to 
consider the impacts on the related natural system.  By relying strictly on the limited 
representations of the homocentric social systems, information concerning the impacts on the 
natural systems is omitted, leading to potential ecological catastrophes that have, and will, 
impact the related social systems. 
                                                 




What this says is social systems, as a result of their inhabitants’ agency, have the ability 
to impose their will on the natural system10 because of the potential for purposeful action.  The 
abstract representations of purposeful intentions can be reified and mobilized in the form of 
technology, either scientific or administrative.  Technology translates into power to transform 
and control, enhance and destroy.  The logic of representation enacted by organizational actors 
determines how power is allocated and implemented.  If the purposeful intent of the social 
system is exploitative, oriented toward growth and wealth accumulation, and dominated by 
economic logic, then the technologies will be alien and exploitative with respect to natural 
systems and social systems components.   
So, what are the implications here?  We believe that the same symbolic capabilities that 
can close off and exploit to the point of destroying natural systems (and ultimately social systems 
as well) can also be employed in understanding and sustaining those systems.  In order to do so, 
the actors must recognize the possibility and the need for change and understand the means for 
undertaking it.  For the desired change to take place, there must be a revision of the norms and 
values held by the actors such that the economic criteria are supplemented, sustained, or 
replaced, by more inclusive and enlightened criteria that directly connect to sustaining 
dimensions of natural systems.  Further, change requires that resources be redirected by the new 
norms and values and the related richer representation structures.  In other words, the logic of 
representation must be modified to reflect an enlightened appreciation of the natural systems and 
the processes necessary to sustain and enrich these systems.  Articulated within the vernacular of 
the prevailing social system, the logics of representation must incorporate a recognition of what 
have been euphemistically termed externalities.  In the next section, we add specificity to these 
                                                 
10 More precisely, social systems have the ability to alter the natural systems in ways that can reduce or eliminate the viability of 
the social system.  Humans have not yet developed the capability to destroy (or save) the earth; we have only developed the 




rather abstract ideas by discussing the alternative representational logics, identifying the 
information needs associated with these alternative approaches to environmental stewardship, 
and providing evaluation criteria.  
THE ENVIRONMENT ACTION SPACE 
 
 In this section, the environmental action space is articulated by employing components of 
an environmental information matrix developed in Brown, et al. (2004a).  The previous work 
focuses on management information system requirements needed in supporting various 
environmentally related decisions.  Here, we are concerned with circumscribing the 
environmental action space associated with alternative management representational logics.  The 
purpose of specifying the action space is both prescriptive and diagnostic:  prescriptive in that it 
provides a guide for expanding environmental responsibility and diagnostic in that the 
framework can be used to gauge the level of environmental responsibility accepted by an 
organization.  To reiterate, mapping the action space is an initial step in conceptualizing the 
linkages between organizational actions and their implications for the natural system and vice 
versa.  First, we describe three alternative environmental logics of representation (how) followed 
by a discussion of the scope of decision inclusivity (who) associated with the environmental 
activity space.  Next, we consider the composition of an environmentally enlightened action 
space (what) and associated information components.  Figure 1 provides a general representation 
of the environmental action space. 
***** Enter Figure 1 here ***** 
Logic of Representation 
 The corporate social responsibility literature classifies organizational environmental 




recognizing environmental issues to be of central importance (Bansal and Roth, 2000; Hart, 
1995; Hunt and Auster, 1990; Roome, 1992; Hernriques and Sadorsky, 1999).  In the following 
discussion, we consider three strategic specifications:  legitimacy, competitive advantage, and 
enlightened management.  While we discuss these alternatives as separate characterizations, we 
recognize that they lie along a continuum upon which specific demarcation points cannot be 
clearly delineated.   
Legitimacy  
 Legitimacy reflects a minimalist environmental strategy.11  If the organization adopts a 
legitimacy strategy, the objective is to maintain its position in the industry and the referent 
community, situating it such that environmental related actions will not negatively effect the 
firm’s operations.  The primary focus is preserving its legal and social license to practice by 
meeting regulatory requirements and providing no compelling environmentally related reasons to 
deny the firm operating rights (Bansal and Roth, 2000; Hernriques and Sadorsky, 1999).  The 
organization seeks parity and social license through its environmental practices, not advantage 
and preference.  The ultimate decision criteria is to enhance the input-output ratio by balancing 
the organizational costs and benefits of externalizing transformational costs. 
Competitive Advantage 
 Implementing a competitive advantage environmental strategy attempts to improve its 
market and economic position (Bansal and Roth, 2000; Hart, 1995) as a result of 
environmentally related actions.  Environmentally desirable behavior represents a tool for 
improving profitability.  For example, the firm may achieve higher efficiencies or higher quality 
as a result of environmentally related actions by improving its processes (Klassen and Whybark, 
                                                 
11 Given that within today’s political and regulative climate organizational management cannot ignore environmental issues, we 




1999; Lovins, Lovins, and Hawkens, 1999; Porter and van der Linde, 1995b).  Also, the firm 
may establish new markets, gain additional market share, and/or increase market size through 
environmentally related product development, product improvements, and increased customer 
loyalty (Hart and Milstein, 2000; Porter and van der  Linde, 1995a).  The primary focus is 
enhanced economic results.  Environmental resources are seen as inputs to a transformation 
process that is to be carried out in the most economically efficient manner.  Maximization of 
owner/shareholder wealth represents the ultimate decision criteria.  Enacting environmental 
policies and actions are viewed as a means to an economic end. 
Enlightened Management 
 Environmentally enlightened management conceives of the organization as primarily an 
ecologically sustainable, and sustaining, entity as opposed to solely an economic one.  
Environmental considerations, instead of being opposed to maximizing economic value, 
constitute the primary long term decision parameters.  Strategic objectives are predicated on long 
term sustainability objectives rather than profitability goals.  Management believes that the firm 
must act in environmentally responsible ways to insure its long term preservation (Starik and 
Rands, 1995, Gladwin, et al., 1995).  Enlightened management contemplates alternative courses 
of action in light of whether by carrying out the anticipated actions the organization can achieve 
environmental sustainability by creating and producing products and services that are consistent 
with the long term regenerative capacities of renewable resources and absorptive capabilities of 
the ecosystem (Gladwin, 1993; McDonough & Braungart, 2002; Kiuchi & Shireman, 2002).   
The Environmental Activity Space 
 The environmental activity space relates to the scope of the decision processes and 




Here, we are concerned with the environmental implications of organizational actions; therefore, 
we have specified this dimension slightly differently than in Brown, et al. (2004a).  There our 
perspective was that of the manager and what information was needed to facilitate decision 
making.  As such, we defined this dimension as an expanding decision horizon.  Here, we are 
concerned with the environmental scope of management decisions so we specify this dimension 
as relating to the range of ecological impact considered within the resulting action space.  These 
parameters circumscribe the social and environmental12 implications considered by decision 
makers in contemplating action from a given strategic perspective.  Again for illustrative 
purposes, we choose three prototypical designations for environmental activity space:  
operational, customers/markets, and stakeholders/society.   
Operations 
 The environmental scope of the operations activity space focuses primarily on 
relationships and processes within the boundaries of the firm.  The activities tend to be directly 
related to, or the result of, operations.  Discharging greenhouse gases into the atmosphere is a 
direct result of operations and can also result in reduced production or product costs.  In most 
cases, these decisions require initiation and implementation only within the organization, and the 
motivations for these actions are inwardly focused and based primarily on a relatively immediate 
financial impact.  Generally, the decision horizon for the operations related decisions have a 
relatively short time horizon, and the operating impact begins to dissipate quickly after 
discontinuing the activities.13  Those directly involved are either members of the organization or 
those who are in direct contact with it, geographically and/or interactively. 
                                                 
12 We are primarily considering the environmental outcomes here but also wish to recognize their interrelatedness and 
interdependence with the social systems.  
13 This does not limit the implications to the short term but suggests that some tangible change becomes evident relatively 
quickly.  An example of this would be the dumping of toxic waste into a waterway.  Though the total impact may be realized 





 The scope of the customers/markets activity space includes activities that fall within the 
context of the firm’s markets and delineates the considered environmental implications to those 
relating to the firm’s markets.  Consideration moves beyond the organization itself and reaches 
the organization’s customers, suppliers, regulators, and competitors, all of whom may be affected 
by the changing market conditions.  The activities involve processes both internal and external to 
the firm.  As a result, the implementation time would be generally longer because controlling and 
coordinating the activities of external constituencies becomes more problematic and the residual 
effect on cost and benefits will more likely be longer than those associated with operational 
activities.  Although there may be immediate environmental implications, market activity space 
activities generally implicate more sustained relationships and thus a broader impact than those 
associated with operations.   
Stakeholders/society 
 The environmental scope of the stakeholders/society activity space extends the 
boundaries to include societal implications and considers the firm’s actions with respect to a 
wide range of traditional and nontraditional stakeholders.  This activity space recognizes the 
implications of actions on both natural and social systems, both currently and in the future.  The 
time dimension is long term, and the space dimension is inclusive.  Activities within this activity 
space include internal and external processes, which may involve relationships across 
organizational and institutional boundaries.  The activities are evaluated with respect to their 
anticipated long term impact and affect on long term relationships and are associated with long 




Environmental Action Space as Nexus 
 The environmental action space is comprised of the intersection of the logic of 
representation and the environmental activity sphere.  A complete representational response 
would include the three logics of representation categories and the three activity space categories 
that can be represented as a three by three matrix as shown in Figure 2.  Since our purpose is to 
begin to articulate a framework for developing an environmentally enlightened accounting, we 
will develop the action space represented by the nexus of the enlightened management. 
***** Insert Figure 2 ***** 
A Framework for an Environmentally Enlightened Accounting  
The purpose of developing environmentally enlightened accounting systems is to render 
these systems as a positive force in the pursuit of progress toward environmentally responsible 
action.  Within such a system, environmental factors are primary and determining in that the 
environmental implications are viewed as an end, and not a means or an impediment, to 
economic ends.  Enlightened management views the objective of the entity or enterprise as 
environmentally sustainable and sustaining.  This perspective is directly and actively concerned 
with the relationship between natural systems and social systems, of which the economic system 
is a subset.  We propose this as the only viable, long term strategic perspective and that by such a 
perspective requires, and is enabled and sustained by compatible systems.  Below, we discuss 
information indicators associated with such an enlightened perspective, which provide an 
indication of what the associated information system needs. 
 The enlightened perspective requires a fundamental shift relative to the other two 
strategic perspectives.  For the legitimacy and competitive advantage logic of representation, 
market related economic factors are the primary considerations and dominate the action space.  




the natural and social systems.  This so called paradigm shift requires much more inclusivity, 
moving beyond an individualist, utilitarianism focus toward a more holistic, communal 
perspective.  As the philosophical shift takes place, the environmental action space shifts and 
expands.  The decision considerations migrate away from operational and economic indicators 
toward indicators signifying the impact of the organizational acts on natural systems.  
Information systems are redesigned and expanded to support needs, reflecting the organization’s 
impact on, and implications for, natural systems.  Next, we discuss the information dimensions 
associated with an enlightened management perspective.  An environmentally enlightened 
accounting would be expected to incorporate these components.  The framework for an 
environmentally enlightened accounting is broad in scope encompassing all three activity 
specifications.  Each is considered from a perspective that privileges the environmental over the 
economic.  As such, traditional accounting measures must be extended or directly supplemented.  
Specific examples of items that might be included are presented in Figure 3. 
***** Enter Figure 3 here ***** 
Operations 
 The operations related issues are probably the most obvious and include such things as 
measures of various characteristics of toxic waste such as amount, concentrations, types, and 
alternative production processes.  Energy consumption represents another central environmental 
consideration associated with operations and requires indicators concerned with the total amount 
of energy consumed, the availability of energy from renewable resources, and how much of the 
total energy use is, or could be, from these sources.  Other considerations include energy usage, 
and possible savings associated with such activities as employee commuting and business travel.  




design and construction using alternative energy sources and recycled, or recyclable, materials 
illustrated over the relevant environmental information.    
An environmentally enlightened system might also include the design cost and 
administration of environmental management systems (EMS).  These systems specifically 
represent the impact of organizational actions on the natural system and include information 
concerning volume of emissions and effluent outputs by unit of production, by source and in 
aggregate, as well as the toxicity rating of effluents and emissions.  These are directly related to 
the production process and are designed to provide information well beyond the minimum 
regulatory requirements required by extant regulatory regimes.  As a result, the cost incurred 
would probably be greater than that required for only monitoring regulatory minimum. 
Customer/Market 
 Within the customer/market activity space, the focus shifts from internal, operational 
concerns to more externally oriented product related concerns.14  The organization considers 
ways in which to design, distribute, and sell its products and services in an environmentally 
responsible manner.  For example, an environmentally enabling accounting information system 
considers the availability and cost of renewable energy for product in-use, as well as the energy 
consumption over the product life cycle.  Another important issue deals with the availability of 
renewable and/or recyclable materials and product components.  The percentage of products that 
are recyclable and/or reusable as well as the cost of related take-back systems are also relevant.   
Stakeholder/society 
 The scope of the activity space broadens beyond those groups directly related to the firm 
and the immediate natural environment to include a larger set of stakeholder groups and long-
                                                 
14 This is not to imply that these decisions do not influence production and operational decisions, only that at this level, these 




range environmental implications.  Environmental impact constitutes the primary decision 
criteria.  The time, space, and social dimensions expand and the project perspective may take on 
the characters of a long range project, not unlike traditional capital budgeting projects and/or 
long range planning exercises.  An accounting information system that supports environmentally 
enlightened management focuses on the long term relationships between the organization, the 
natural environment, and the broader community and recognizes that these relationships are 
predicated on mutual cooperation, not self interested competition.  Processes must be developed 
that facilitate effective schemes for identifying and involving stakeholders in organizational 
decisions such as facility location and processes, product, and infrastructure design.   
Any decision with long-term implications requires projections of the future 
environmental impacts.  The long term projections involve recognizing, measuring, and 
monitoring local, regional, and global environmental conditions and determining the potential 
impact of alternative courses of action.  Associated issues include cost of monitoring and 
measuring the status of environmental conditions, transboundary and bioaccumulative impacts, 
carbon offsets, and life cycle analyses.  Management must be sensitized to, and supported in, 
such decisions, and there must be information systems in place to facilitate and support these 
decisions.  For example, cogeneration and co-location represent an environmentally enlightened 
project that requires an expanded decision making perspective in that potential partners must be 
identified with respect to location and waste output compatibility, alternative production models 
developed, and the environmental implications specified.   
Next, we apply the environmental action space framework to an environmentally 
sensitive case situation involving the salmon farming industry in Scotland.  We use the 




issues and the associated motivations for actions taken.  We also tentatively gesture toward 
possible improvements in the information systems based on the framework’s prescriptions.    
ORGANIC SALMON FARMING 
Georgakopoulos and Thomson (2004) report the results of a series of interviews with 
Scottish salmon farmers and other participants in the Scottish farming industry concerning the 
context, processes, perceived risk, and information relevant to the farmers shifting from 
traditional farming processes to organic production methods.15  Their initial purpose of the work 
was to study the environmental accounting techniques and practices used by the salmon farmers 
in making the decision to change from traditional to organic salmon farming.  However, the 
results indicate the farmers employed no such practices or techniques.  The authors’ found that 
the decision to switch to organic production methods was:  driven by intuitively derived price 
expectations and the possibility for long term sales contracts for the end product; perceived to be 
relatively easy, inexpensive and nonproblematic; not a reaction to criticisms of damaging the 
environment; and not influenced by accounting costs, techniques, or evaluations 
(Georgakopoulos and Thomson, 2004, 6). 
Three salient themes emerged from the on site interviews:  risk construction; how the 
perceived risks affected the decision to change; and the patterns of communication between the 
industry and various stakeholders (Georgakopoulos and Thomson, 2004, 7).  The interviews also 
indicated that regulatory compliance was equated to good environmental performance, thus the 
participants felt that no additional consideration of environmental factors is necessary.  Further, 
the participants perceived that there were heavy sanctions imposed for noncompliance.  Any 
                                                 
15 We presume that organic salmon farming is more ecologically responsible and sustaining than traditional farming techniques 
and is therefore preferable from an environmental standpoint.  This is not to say that the current organic farming practices cannot 
be further developed, or replaced, to better facilitate long term sustainability.  As reported by Georgakopoulos and Thompson 
(2004), see Highlands & Islands Enterprise & the Scottish Office (1998), Hities, et al. (2004), Larid andNeedham (1988), Mills 




possible environmental damage was attributed to larger competitors and was associated with 
large scale production processes.  (Georgakopoulos and Thomson, 2004, 16-17).  “Going 
organic” depended upon opportunism, forecasted price premiums, and risk reduction.  
Environmental criticisms had no direct influence on the decision nor was the change preceded by 
a change in farmers’ values with respect to ecological concerns (Georgakopoulos and Thomson, 
2004, 15).   
It appears that the migration toward organic farming can be characterized as small, 
flexible producers identifying and exploiting a niche market within the commercial salmon 
industry.  The participants spoke of their inability to compete with the large firms in the 
traditional markets and the perceived enhanced profitability opportunities within the organic 
market sector.  Further, the transition was relatively easy for some of the smaller producers.  
Concern was voiced by the industry association as to the long term viability of such a change.  
Georgakopoulos and Thomson (2004) indicate that the legitimating business rhetoric of the 
farmers was not accompanied by accounting data, formal evidence, or costs analyses (18) which 
apparently did not play a role in the decision.   
  Georgakopoulos and Thomson (2004) found little concern for the physical, social, or 
aesthetic values associated with organic aquaculture, and the end customer was not part of the 
decision process, only those parties with whom the farmers have direct market relationships.  
There was no acknowledgement that organic production might result in a better product or a 
reduction in the potential negative health implications.  The decision appears to have been a 
straightforward agribusiness decision based strictly on rudimentary economic considerations 




 Georgakopoulos and Thomson’s (2004) results indicate clearly that the farmers’ decision 
to change from traditional salmon to organic production methods was not the result of enhanced 
awareness and concern over environmental issues.  The farmers’ initial considerations were with 
costs and standards of operations.  As the market matured and expanded, market issues came to 
dominate.  Environmental outcomes were not considered other than as required by regulatory 
and certification bodies.  For the farmers, organic salmon farming represented a means to an 
economic end.  Ironically, the regulatory and certification procedures appeared to provide a 
means whereby the producers felt justified in abdicating responsibility for the environmental 
impact of their actions asserting that by satisfying the requirements set forth by the regulatory 
agencies the farmers had satisfied any obligation they might have with respect to sustainable 
environmental practices.  There was no indication that the farmers were approaching an 
enlightened management perspective even though their actions were consistent with minimal 
sustainability tenets.  However, without a change at the motivational level, any environmentally 
sustaining change is assured only as long as it is aligned with the economic logic dominating the 
action space.  Georgakopoulos and Thompson (2004) analysis indicates a need for an 
environmentally enlightened accounting, not an example of one.  In order to facilitate permanent 
change, a shift in perspective must occur such that environmental initiatives take precedence 
over operational and economic initiatives.  The result would be a (re)formation of the 
environmental action space.   
Next, we consider how such a change might be contemplated.  First, we discuss the case 
within the context of the environmental action space.  Then we address possible attributes of an 




An Application of an Enlightened Environmental Framework 
 We consider how an environmentally enlightened action space might frame the decision 
by Scottish Salmon farmers to change from traditional salmon processing to organic salmon 
processing.  An environmentally enlightened action space, and therefore an environmentally 
enlightened accounting, requires that both the economic and environmental implications of the 
salmon farming processes be captured and represented.  We suggest that if such a framework and 
the accompanying information system were in place, the likelihood of more sustained 
environmentally responsible management would be increased. 
 Traditional salmon farming can be detrimental to the natural systems.16  Genetically 
modified fish are used posing risks to the health of natural stocks.  The primary food source is 
low quality fishmeal fortified with chemical additives.  Flesh coloring techniques are also used to 
enhance the appearance of the fish.  High stocking densities result from the use of small cages, 
and the farmers use blanket chemical treatments for parasites and diseases.  These practices are 
associated with nonsustainable aquaculture practices in the region and have resulted in damage 
to the marine environment as well as damage to wild salmon populations.  Further, these 
practices appear to yield an increasingly contaminated product offered for human consumption.   
 Organic salmon farming processes mitigate some of the detrimental environmental 
effects of traditional salmon farming by:  eliminating the use of genetically modified fish; 
substituting higher quality fish meal for the low quality, chemically enhanced products; 
alleviating the need for flesh coloring techniques; using larger cages lowering the stock density; 
and eschewing blanket chemical treatments.   
As noted above, economic implications of salmon farming dominate the current 
environmental action space.  The perceived benefits of organic salmon production include higher 
                                                 




prices, higher margins, and higher profitability facilitated by an increased likelihood of the 
farmers negotiating guaranteed sales contracts and exclusive sales agreements with major 
purchasers such as grocery stores, lower competition and greater independence through a more 
clearly differentiated product, and a reduced chance of sales collapses due to publicity from 
future contaminated food scares or protests.  Further, where economic factors dominate the 
action space, economic risks can motivate farmers to abandon the organic farming processes.  
The economics associated with organic salmon farming includes high production costs, the threat 
from foreign competition and weak markets for organically cultivated fish and smolt, limited 
growth within the organic markets, and difficulties in gaining financing because of these 
uncertainties associated with organic farming.   
 We propose that the implications of the farmers’ actions predicted on economic factors 
be linked with their implications for the natural systems and that the link between the economic 
system and the natural system must take place within the social system.17  Here, human beings 
begin to reinterpret the effects of human actions on the natural systems, the incentives operating 
within the economic system, and the interrelationships between them.  The extant regulatory and 
certification regimes reflect some minimum level of societal expectation with respect to 
management’s responsibility for environmental stewardship and consequences for not meeting 
these responsibilities.  However, current regulations may be inadequate lacking the flexibility 
necessary to respond as unexpected consequences arise that might render current practices 
unsustainable.  Further, these regulatory regimes can act as impediments to progressive 
environmental practices, as in the case where the organic farmers point to their compliance with 
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current regulations as evidence that they are fulfilling their environmental responsibilities and 
should not be further accountable.   
As discussed earlier, we view the social system as the mechanism, both extant and 
potential, for facilitating system integration.  By system integration, we mean the cooperative 
and complimentary actions among the economic, social, and natural systems.  Given that only 
human beings have the capability for purposeful, intentioned action, as contrasted with the 
natural system’s exclusively reactive mode, social systems facilitate social integration through 
symbolic representation and manipulation (communication).  Because of the homocentric 
inclinations of these processes, social systems have come to dominate the natural systems, 
potentially facilitating the collapse of the affected natural system.  Further, certain 
representational logics are privileged over others.  A given subsystem may be more amenable to 
a privileged representational logic, and as such, would tend to gain dominance.  Within the 
prevailing social order, the economic system is an example of a dominant subsystem.  Thus, 
social systems come to dominate natural systems, and economic systems come to dominate 
social systems.  Georgakopoulos and Thomson’s (2004) depiction of the salmon farmers’ 
decision to “go organic” bears out such a characterization.  The salmon farmers formulate the 
people-nature equation of people plus nature as equating to economic factors.  They seem to 
subsume the natural system into social systems and privilege the economic subsystem over the 
other social systems.   
 The conception and specification of the environmental action space resides within the 
social system and may be approximated by mapping the information structures contained therein.  
The temporal and spatial self organizing dynamics of the natural systems associated with salmon 




manifested in the issues previously discussed relative to the natural system impact.  For example, 
high density farming methods have diminished the quality of farming sites damaging the 
ecosystems and weakening the native salmon population. 
 The salmon farmers’ representational logic provides insight into why they operate within 
such a narrow space.  Within the dominant economic frame embraced, or imposed, by the 
salmon farmers, the temporal and spatial dimensions collapse into crude representations of 
profitability, representations provided by the traditional accounting system.  There are two 
secondary representational collectives located in the social system:  regulatory/certificate 
requirements and market forces.  Both are the product of symbolic representation and 
manipulation over time and space.  The former attempts to bridge economic and natural systems 
in order to protect and sustain both.  The latter commodifies the natural system and treats it as a 
means to an economic end.  The accounting system represents the natural system as a source of 
inputs and a repository for byproducts arising from the transformation process.   
Both the regulatory regime and the market apparatus embody the constituting attributes 
associated with social systems:  symbolic representations that create and communicate meaning 
and understanding; the ability to articulate shared norms and values and administer associated 
rewards and sanctions; and the facility for accomplishing goals through control over physical and 
human resources.  The current regulatory/certification regime attempts to insure a sustainable 
aqua business environment by reducing the environmentally detrimental practices such as 
blanket chemical treatments for parasites and diseases, by monitoring stock density levels, and 
by prohibiting the use of genetically modified stock.  Alternatively, the market mechanisms 
provide incentives based on representations of costs, profit margins, negotiated contract length, 




linkages with this system that enter this action space with respect to inputs are indirect and 
presumed to be impounded in the market price of the inputs.  The only outputs recognized are the 
direct costs associated with the disposition of waste and byproducts.  All other externalities are 
excluded. 
Both regulatory and market representational regimes are predicated on, and provide the 
medium for, abstraction, allowing the actors to assign meaning and constitute local context.  
Obviously, the context constructed will be quite different.  One at least attempts to reduce the 
impact on the natural system by articulating an action space linking action, implications, and 
motivations with the social system representations of their effect on the natural system.  The 
other constructs an action space that privileges the economic linkages with associated market 
based outcomes, excluding any consideration for the sustainability of the natural system.  This 
environmental action space circumscribes the reflexive scope of the actor.  We argue that the 
restricted environmental action space associated with the market focus leads the salmon farmers 
to consider only the narrowly focused economic implications of their decisions.  It is incidental 
to them that organic salmon farming might be instrumental in sustaining the natural system.  
Within this context, meeting certification requirements represent another set means for reaching 
an economic end. 
Based on the information reported by Georgakopoulos and Thomson (2004), we classify 
the representational logic as most closely aligned with the environmental strategy of seeking 
competitive advantage with the environmental activity space being circumscribed by customers 
and markets.  The market oriented perspective provides the criteria or space for action.  It 
appears that this logic, at least from a natural system perspective, objectifies the economic 




their natural system implications.  We argue that the neoclassical economic “technology” 
provides no mechanism for environmental self monitoring and regulation and, therefore, cannot 
adequately consider, much less balance, sustainability objectives with economic ones.  As a 
result, the considerations become unidirectional and exploitative.  The salmon farmers exhibit 
this type of logic, and even though they have chosen to implement organic farming processes, it 
seems reasonable to presume, that if the market characteristics change such that organic farming 
becomes economically unattractive relative to traditional methods, the farmers would abandon 
the organic methods in favor of the traditional ones.  Their current decision models/action space 
do not permit them to do otherwise.  So, next we ask what would an enlightened management 
perspective and the associated accounting system look like within the organic salmon farming 
context. 
Toward an Environmentally Enlightened Accounting System  
As previously noted, we maintain that representational capacities of the social systems 
can be operationalized in making environmental implications visible and understandable and, 
therefore, in protecting natural systems.  In order to realize this potential, the participants need to 
understand why change is desirable and the means by which it can be brought about.  For the 
Scottish salmon farmers, their norms and values regarding the natural system would have to 
change.  Economic decision criteria need to be integrated with, and subordinated to, 
environmentally sustainable ones.   
Recognizing environmental implications as the primary and determining decision criteria 
must be viewed as the only viable long term perspective for the salmon farmers.  Such an 
enlightened perspective requires a fundamental shift in the farmers’ current environmental action 




strategy dominates the decision criteria and thus the associated information cues used in decision 
making.  The decision criteria must shift from price, profit margins, and market share to levels of 
toxic waste, natural resource depletion, and environmental sustainability.  With respect to 
operations, salmon farmers need information systems that incorporate and monitor such 
dimensions as quality and environmental effects of fish meal and the chemical additives therein, 
the stock densities and the associated effluence implications, and the mortality rates from 
parasites and disease.  Such measures provide environmental information beyond the minimum 
regulatory and certification requirements.   
From a more proactive perspective, research and development efforts are directed toward 
identifying and developing more environmentally enhancing inputs and processes, resulting in 
aqua farming techniques that ultimately enhance the ecosystem, not just maintain it.  
Environmentally responsible market related decision criteria and information consider desirable 
product attributes (e.g., reduced mercury levels), energy efficient distribution channels, and 
organic product sales.  Marketing programs focus on educating customers to the benefits of 
organically farmed salmon including the environmental impact.  Reporting processes relate 
economic factors directly to environmental implications.  Production processes and value chain 
analyses focus primarily on environmental sustainability as opposed to economic efficiency. 
As a result, the decision horizon is broadened to include multiple stakeholder groups.  
Mechanisms are developed and put in place that facilitate input from, and meaningful interaction 
with, various constituency groups.  For example, the salmon farmers would develop direct 
communication channels with the various environmental groups as well as members of the local 
and regional community.  Input is solicited on a wide range of issues from operational decisions 




salmon stock.  Long range planning is driven primarily by the environmental implications of 
strategic initiatives and capital projects at local, regional, and global levels.  An environmentally 
enlightened accounting and the accompanying information systems would be constituted of these 
relationships rendering the relationships more visible and comprehensible. 
FINAL COMMENTS 
In the preceding discussion, we illustrate how technology, in this case administrative 
systems and the associated information systems, might be framed such as to promote an 
enlightened, sustainable perspective of natural systems.  We propose to ultimately link natural 
systems and economic systems through the representational lens of an environmentally 
enlightened enabling accounting information system.  We discuss how through social 
abstractions and symbolic representations economic motivations can be associated with 
implications within natural systems.  Specifically, we consider how management information 
systems (technology), as objective manifestations of subjective social system dynamics, have the 
potential to privilege economic considerations, natural considerations, or both.  Establishing 
these linkages connotes a necessary condition for representing the effects of alternative 
environmental strategies on natural systems that will render these relationships more visible and 
understandable, ultimately leading to an increased level of accountability.   
 The steps implied for moving toward more enlightened environmental management are 
somewhat analogous to the evolution of environmental awareness and the perceived need for 
environmental stewardship by organizations and those who manage them.  In the 1960’s, leading 
organizations began to pay attention to environmental issues, basically due to the regulatory 
pressures.  The organizational strategy generally adopted in response was a legitimating one 




could continue to operate.  In the 1980’s these organizations began to identify ways to improve 
their competitive advantage, both by reducing their overall costs through such actions as 
reducing inputs and by differentiating themselves from their competitors through adopting 
“green” initiatives motivated by a desire to improve their market position, the salmon farmers 
being a current example.  Currently, some visionary organizations, though not the salmon 
farmers considered above, have adopted enlightened management behaviors following from the 
beliefs and desires of organizational management.  These companies are usually private, with 
strong management control by a single individual or a small group of individuals.  The 
management of such organizations often has an “epiphany” that results in significant changes in 
the operation of the organization.  These organizations adopt a wide variety of environmental 
initiatives that may or may not be economically enhancing as measured by traditional financial 
indicators.  In short, they have moved from organizations that “get by” to ones that “get rich” to 
ones that “get religion.”  If this is the case, we have much evangelizing to do if we are, literally, 
to save the world.  
We have proposed a pragmatic approach to developing environmentally enabling 
accounting information systems.  Articulating alternative environmental strategies and their 
anticipated outcomes represent incremental steps toward better conserving and sustaining 
ecosystems affected by the transformation processes of organizations.  We do not propose this 
incremental approach as a solution to the fundamental problem of unbridled growth and 
accumulation, which will require radical political and social changes.  However, we do feel that 
if taken seriously, further developed, and implemented, the proposed approach has the potential 
to retard the momentum of the currently irresponsible and exploitative trajectory.  The proposed 




and accounting information systems that increase visibility and understanding and begin to raise 
awareness concerning the excesses currently being imposed upon the natural systems by the 
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Figure 2. Parameters of Prototypical Actions Spaces 
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  Time Production cycle Value chain cycle Biogeneration cycle 
  Space Operations Market Ecosystem 
  Inclusivity Organization Value chain partners Relevant stakeholders 
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 Volume of emissions and 
effluents outputs, by unit 
of production, point 
source, and in aggregate. 
 Toxicity rating of 
effluents and emissions. 
 Amount of renewable 
energy used for 
production. 
 Percentage of energy 
usage from renewable 
sources 
 Availability of renewable 
energy. 
 Employee commuting and 
business travel energy 
usage and environmental 
impact. 
 Incremental costs of 
improving facility and 
buildings energy 
efficiency. 
 Incremental costs of 
facility design and 
construction using 
renewable and/or recycled 
materials. 
 Cost of environmental  
management 
administration 
 Cost of renewable energy 
for product in-use. 
 Availability of renewable 
energy for product in-use. 
 Cost of renewable and/or 
recyclable materials and 
components for product. 
 Availability of renewable 
and/or recyclable 
materials and components 
for product. 
 Amount of required 
energy for life cycle of 
products. 
 Percentage of products 
recyclable and/or 
reusable. 
 Cost of take-back 
systems. 
 Availability of take-back 
systems 
 
 Cost of identifying 
stakeholders 
 Cost of evaluating 
stakeholder involvement 
schemes. 
 Cost of engaging 
stakeholders in process, 
product and infrastructure 
design, and facility 
location. 
 Potential partners for co-
locating and generation. 
 Potential uses for waste 
outputs.  
 Cost of measuring 
environmental conditions 
– local, regional, and 
global. 
 Status of relevant local, 
regional, and global 
environmental conditions 
 Cost of measuring 
environmental impacts – 




 Cost of carbon offsets. 
 Cost of performing life 
cycle analyses 
 Life cycle database 
 
 
 
 
 
